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Introduetlon 

Th# 8ubJ#ot of tautomerlsm has long been one of 
great dlsoussion and spectCLatlon. Some of the most impor- 
tant gene rail lat ions I ahall here attempt to state as 
follows: 

Comstook's Theory 

The potassiiim and silver salts of tautomeric 
amides have different but definite structures , the potas-- 
sium salt being a nitrogen compound, while the silver salt 
is an oxygen coispound* 

Wheeler's Theory 

When two isomeric products are fomed from the 
salt of a tautomeric acid and a reagent, one of the products 
is formed from the salt cuid the other by a rearrangement 
of the first. In the case of the amides, the oxygen deriv- 
atives were supposedly fbrmed first and these reacting 
with alkylhalide gave the nitrogen esters* 

Michael's and Hef'e Theory 

When the salt of a tautomeric compound reacts 
with another reagent to give two isomeric products, one 
is formed by direct substitution of the metal, and the 
other by the decomposition of an tinstable intermediate 
addition product formed by the union of the salt and the 
other reagent* 

Digitized by VrrOOQlC 



Digitized by 



Google 



Although these theories apply In certain cases, 
their applicability Is not general enough to accept them 
as final, as has been shown most clearly by Aeree and his 
coworkers by their work on the Urazoles and their derlva- 
tlves#^ 

Acree's Theory 

Now Acree's theory. In brief, states: 
When a tautomeric compound yields two or more de- 
rlvatlires. It does so because there Is one tautomeric form 
which yields two or more derlTatlves throu^ Independent 
side reactions, or there are two or more forms In equili- 
brium, each of which glTes Its own derl vat lyes Independent- 
ly of the other. The latter Tlew seems to be the most ac- 
ceptable* 

2 
Although, as yet, the theory Is only tentative, 

and needs more substantiation before acceptance, there are 

no facts known which do not fit the theory harmoniously. 

The substance Investigated In the present study 

Is l-phenyl-4,5-dihydro-5-oay-3-trla«olyl methyl sulfone 

g 
which has been cOiown by Lubs and Bssllnger to have the 

following structure; 

I 

Acres 's work on Urasoles, Ber« d« I>eut« Chem. Ges* 41^ 
3S07. Luh's Dissertation J. E. V. 1914. 

S 
American Chemical Journal 38, 1 & 8. 

3 
Bssllnger Dissertation J. H. U. 1912 • 
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C-H- If - H C-H- H - H 

^ ^ I II ^ ^ M II J) 

- C C - r - CH„^ ^ HOC C - Sf- CH« 

\H 

The free sold and salts may exist in two tau- 

tomerlo forms as follows: 

C H. H - H C.H. H - BL 

- C - af- CH- ^- ICH- >0.^ C - ^ CH- + Hal 



\Ha . » 



B^ CH^ 






CH« -f Nal 



If aaoh a salt reaots with the alkyl hallde through 
Its ions, or moleoules, or both, the reaotlon velocities 
oan be expressed as follows: 

^« if " ^ • ^ aalt • ^ ester 
II, fl'-X'. C a^it • ° ester 

Where z and x* represent the N^ester and O^-ester, 
respeotlvely* 
By addition * ^4t * - (K -MM ° salt •^ ester 

By dlTislon y ■* 5T 

These equations then show that the total esters are formed 
by a bimoleonlar reaotion^ and that the ratio of the N^ester 
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and 0-#8t#r should be ooxistant if #0011 ester Is formed en-- 
tlrely from the salt directly Instead of by a total or 
partial rearrangement of the other ester* The object of 
the present work is to study the ratios of esters in order 
to learn whether these esters are formed by the indepen-* 
dent side reactions given above or whether subsequent re«- 
arrangements of these are brought about by the alkyl hal-* 
ides* 

It may be stated at once^ that in a given solv- 
ent ^ the ratio of esters from a given salt and alkyl 
halide is constant* Vot only do we have this proof that 
each ester is formed entirely and directly from the ura« 
zole salt but this is substantiated by the proof that 
neither the H-ester nor the 0-ester rearranges in the 
presence of the alkyl halide* 

This shows conclusively that each ester « once 
formed, is stable, and that the equations given, harmon-- 
ise with the facts which have been established e^erimen- 
tally* We may conclude, therefore, that the mercury salt 
may exist in the two tautomeric forms given above, each 
of whicfli reacts independently with the alkyl halide and 
yields the corresponding ester* 
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Bxparimental 



Mercury Salt of l«>Phenyl*>4^5-dlhydro-6^03ar-' 
3>triagolyl Methyl Stflfona ; 



^B^6 - p J[ 



C C . Ssf . CHj 






The marourouB salts can not be used to prepare 
this salt 9 as they are insoluble or unstable in neutral 
solutions* If aoid solution be used, the sulfone is 
thrown down by the excess H"^ ion which drives back the 
dissociation of the urasole and makes it insoluble. 

Preparation 

A known weight of methyl sulfone was used. This 
was put into solution by addition of an equiyalent quanti-* 
ty of NaOHt which forms the soluble Na salt* 

This may also be done by addition of NaOH solu- 
tion from a burette until solution reacts alkaline* Fhen* 
olphthaleln is used as an indicator* To the solution of 
the soluble ITa salt is added a neutral solution of HgCl^ 
until the Addition of more HgClp forms no precipitate* 

The mercury salt of the methyl sulfone precip- 
itates out as a beautifal white powder* This salt may be 
filtered off and washed with hot water frequently* It 
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is then dried In air and kept in a desaioator. A quanti- 
tatiTe yield is obtained* 

Water of Crystalligation 

Weight of salt 0*55S6 gm« heated 110^ for 10 hr8« 
Weight of salt 0*5046 gm. after heating* 

This oalculation giyes about 3 moleonlea of water of crys- 

tallisation* 

Methods of Preparation of the Bstera from the Mercury 
3alt and CHgl and the Method of Bxtraction ; 

It was ^onnd that the method used by Lnbs for 
the extraction of esters formed by treating the Hg salt 
with alkyl iodide cotild not be used in this case: 

First *>«> Unlike the Igl which is insoluble in 
the reagents used, the Hgig formed is soluble in ether 
and in chloroform (to 0*04 pt* per 100 pts*), and, hence, 
could not be absolutely separated from the solution mix- 
ture by filtration* Thus, upon evaporation, .one would 
get an excess weight of esters* 

Second *— The Hgl^ is insoluble in H^O, but the 
esters are also* 

Third *— >Like a great many other salts, Hgig 
forms, in solution with ZCN, a complex salt of the formula 
probably (HgCN.)Kg, very soluble in HgO* 

Hence, we haye a way to eliminate the Hgig from 
the CHC1» extract and to conrert the insoluble Hgl into 
a soluble salt* 
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A solution of this salt (HgCH^lEg was axtraotad 
with 40 c*o* CHCl. in SO c*c* portions and upon avapora- 
tion of tha CHC1» thara was a rasldna of 0#0006 gms. ?fhich 
is aqnlYalant to 0*05 par oant arror with tha walghts usad* 



Parifioatlon of CHClg 

Chloroform was axtraotad with aoid and than 
boilad with a solution of EOH for two hours » using a ra« 
flux oondansar. Aftar saparatiout it stood in oontaot 
with CaCl^ (fuaad) orar night. It was filtarad tha naxt 
day and distillad off from solid EOH« 

Praparation of KCN Solution 

Tha amount of potassium cyanida usad was suoh 
that thraa oubio oentimatars of tha solution would oontain 
anough of tha salt KCN to foim tha oomplax salt abova with 
all tha Hg sat fraa from 0#6 gm* of mathyl sulfona if tha 
mathylation had baan oonplata* A XCH solution may ba 
standardizad by HgHO^: 

EON -t EI -f EgNO.t ^^^ point cloudy formation Hgl. 
Tha potassium oyanida solution is filterad through thraa 
thicknassas of papar« It is than axtraotad with CHCl^ 
portions of 15 c*o* until» upon avaporation of tha CHCl. 
portion^ no waighabla rasidua is laft* 
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Soltibility of Bat era In KCN Solution 

Bsters stood in contaoe with a ECN solution for 
four hours. Tha solution taken up with a pipette and ez- 
traeted with CHC1„ gare no reaidue upon evaporation. If, 
by ohance^ some ester was dissolTed in ECN solution, it would 
be taken up by CHCl^, Xn ^ioh it is so nuoh more soluble* 

The ester being insoluble in H^O, whioh is used 
to waah the reaotion mixture, would also tend to be taken 
up by CHCl , and thus is freed from KCN soluble in HgO* 

Solubility of SolTont Us e d > in Water 

Suoh solyents as aloohol, ether, and bensene, 
whioh are soltible, or partially soluble, in the water, 
might oause a loss in ester { but ether being soluble in 
all proportions in CHClj^, should be taken up entirely by 
suooessiTO ertraotiona as waa found to be the ease* Ben- 
zene, being soluble in CHCl^, but insoluble in HgO, or 
almost insoluble in water, will oause no loss in ester* 

Aloohol is soluble in all proportions in water 

and also in CHOI « Henee, in this ease, there arise dif* 

3 

fioulties,as is shown from the small yields of esters ob- 
tained by one eztraotion* Howerer, it was found that six 
eztraetions with ohloroform take up nearly all of the 
estet«* 

Alkylation of Meroury Salt 

1 known weight of Hg salt whioh has been dried 
at 126 degrees and kept in a dessieator is weighed into a 
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glass tuba with about one-half inoh bore and six inches in 
length, lAiich has been drawn out, and sealed at one end* 
The method of tares is used for weighing in the meroury 
salt* This eliminates the error of condensation of mois- 
ture upon the glass tubes, air displacement, etc. This 
same method if used later for the weights of the porcelain 
eyaporating dishes used* 

Knowing the weight of the Hg salt, one draws out 
the tube to a capillary constriction* To the cooled tube, 
is added enough alkyl iodide for complete esterification, 
and sufficient solTent to keep in solution all the ester 
formed* 

Quantities Found to be Best for Bxperiments 

0*5 gm* Hg salt 

£ 0*0* alkyl iodide 

6 c#c* of solTent* 

After the addition of these substances, the tubes 
are chilled by an ice mixture, and then sealed* After 
sealing, they are heated at different teiqperatures for 
different lengths of time* 

Different solvents may be used and also dif- 
ferent alkyl iddides* Hence, in this way, one can find 
the effects of temperature, period of heating, solTent, 
and alkyl iodides upon the ratio of the esters* 

KPH Method of Bxtraction of Bsters 

After esterification, the tube is cooled and 
opened by scratching and the application of a hot glass 
rod* 
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The oontents of the tube are brought into an 
extraotion funnel by means of a funnel* The tube is eare-» 
ftilly washed with about 2 o.o« CHCI5 portions three times* 
The tip end of the tube is washed off with CHC1» after eaoh 
washing. Open the other end. Wash out the tubes with 3 
o#o* XCN until all of the insoluble Hgig is dissolred. 
Also dissolve out Hf^I in tips by ECN* How wash with water, 
and as a final washing use CHCl^* These washings must be 
done quantitatiTely and with oare. Washing ean be done 
readily by reyolTing the tube in a horizontal position be- 
tween the thumb and forefinger of eaoh hand. After ex- 
traction * the mixture and washings are in the extraction 
funnel. To this is added about 50 c*c* H2O and a few drope 
of an NaOH solution to alkalinity » by using phenolphthalein 
as an indicator* 

As a precaution, there are added a few drops of 
an NagSgOg solution, to dissolve any iodine which may have 
been set free from the alkyl iodide* Iodine being in- 
soluble in CHCl would be left with the esters upon evap- 
oration of CHCl- extract and would cause an over-weight* 
Although iodine is volatile in the air, it would not go 
off from the esters, due to occlusion or adsorption* 

Iodoform, ^ich may be formed when alcohol is 
used as a solvent, was found to volatilise upon the stand- 
ing of the esters* 
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As the esters were found to be slightly volatile 
with a rise In temperature , they can not be heated to drire 
off either the iodine or iodoform. 

The volume of CHCl^ in the extraction fannel is 

made 15 o»c* and the mixture is shaken until the CHOI. 

extract is colorless* 

The CHCl. ts th#n run into a second extrsotion 
o 

funnel containing 60 c*c* of HgO slightly alkaline, and 
then is carefully waeOied and run into an evaporating dish 
of known weight. It was found that all of the ester 
formed could be extracted by five more extractions of 5 
c«c« portions of CHOI.. They are treated similarly to 
the first* 

After each shaking of the extraction fannel, the 
fannel ahould be inverted and pressure released by the 
opening of the pet-cock* 

The stoppers and necks of funnels should be care-- 

fully washed with CHCl-# 

After the transference of the CHCl^ extract 

o 

from one ftinnel to the other or from the funnel to the 
dish, the last traces of the CBCl. extract should be driven 
ovA by the gentle application of a capillary gas flame* 
The tips should always be washed with OHCl after each 
operation* 



Digitized by 



Google 



Digitized by 



Google 



18 

Quantities of the aolyent and alkyl iodide used 

should be evaporated in cheok experiments to see that no 

residue is obtained* Also all solutions used should be 

extracted with CHCl until no residue is left, upon evap-- 

3 

oration* 

A check tube consisting of the solvent , alkyl 

iodide t should be 9un and extracted with CHCl in the pre- 

3 

senoe of NagSgO. and 50 c*o* alkaline water for weighable 

residue* A check tube consisting of the solvent and Hg 

salt should be run similarly for weighable residue* These 

two tubes should be heated to the highest teiqperature to 

be used and for the longest period of time* 

The CHCl- extract of about 60 o*c* is evaporated 
o 

on a steam bath in a weighed evaporating dish. Gentle 

blowing on the surface during the eviqporation prevents 

boiling and creeping at such high tenqperatures * All 

but a few o*o* of CHCl is evaporated off in this way, and 

3 

the- rest goes off by blowing at room temperatures* The 
dish is then put into a vacuum dessicator and allowed to 
come to constant weight. Knowing the weight of the dish 
empty and the dish and ester, we can get the weight of the 
esters formed* 

The porcelain dishes including the tar are al-> 
ways kept in the vacuum dessicator* 

When the method was first tried, there were 
two alternatives: 
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Pirst*— Bring the reaction mixture into the ex- 
traction funnel, etc*, as above described • 

Second ♦—Evaporate the solvent in a porcelain 
dish, thus eliminating the possibility of a loss in esters 
by the solubility of the solvent in the alkaline water 
solution. IThe residue was then taken up by CHCl- and 
brought into the extraction funnel. This also would elim- 
inate the greater part of the Hglg formed* 

Bxperiment 

About 0*5 gm« of Eg salt ^ B c.o. CH^I -t- 5 c«c« 
ether were heated at 100^ for two to three hours and ex- 
tracted by the first method. The weight of the esters 
was 0.109 grams. Another tube run along with this one and 
extracted by the second method gave as the weight of esters 
0.0406 grams. This either shows a loss duidng evapora- 
tion or an adsorption of the esters by Hglp which was 
left in evaporating dish lih&n the solvent was evaporated. 
Hence, the first method was adopted. 

All solutions should be checked about every 
three weeks . 

ffirdrolysis of Esters 

After the esters have come to constant weighty 
they are transferred by chloroform to a glass tube drawn 
out at one end. The tube is then chilled cmd drawn out 
to a constrictioh. The OHCl. is then '^tickled'' off, or 



Digitized by 



Google 



Digitized by 



Google 



14 

boiled 9 by means of a small glass rod over a steam bath« 
to preyent btunplng* 

Three c«o« of a solution of aloohol satxurated 
with HOI gas is then added* The tube is sealed and heat-- 
ed from one to two hours at 100 degrees* This conyerts 
the oxygen ester into the free aoid whioh is neutralised 
with alkali and is not extraoted by the ohloroform used 
to take up the H-ester* 

HenoOt by the method of extraction used above, 
we can obtain the pure N->ester and by eyaporating off the 
CHOI, in a weighed porcelain dish, the weight of the 
ester is obtained* 

Care should be taken wheh the hydrolysis tubes 
are opened « as the pressure upon the inside is sometimes 
troublesome; and also when transferring contents to the 
extraction funnel « as '^spitting'* often takes place, due to 
occluded gases. Five cubic centimeters of the hydrochlor-- 
ic acid gas in the alcoholic saturated solution should be 
eyaporated drown for a weighable residue* 

Another method was tried in which it was attemp- 
ted to drive off CHCl- after transference of the esters 
to the hydrolysis tube: 

The heat waw supplied by a round electrical 
stoye^ over which was put an ether can. The ?^ole was 
surrounded by an asbestos board* The tubes were held 
erect by insertion through an asbdstos board with holes 
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out in It and then tips w«r# allowed to rest on the ether 
oan* Braporation in this way reqoiires a tube with no oon- 
striotion. This idea worked nicely but the time required 
was 80 long as to make it valueless. It has been found 
that the best method for evaporating the chloroform off 
from the porcelain dishes is by heating oyer a steam bath 
and gentle blowing upon the surface to prevent ebullition 
and creeping* Other means such as fans^ air lines « etc«» 
were tried as a substitute for blowing, but were found to 
always deposit dust and dirt, whereas by blowing, the 
lungs act as a filter for such dust and dirt particles 
lAiich float in the air* 
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Hydrolysis: 
, Heat 1 hn 

Do. 

Do. 
I ^Do. 

Do. 
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,0.2679 ,: 
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^0.1107 ! 

; 0.1218 

i 0.2996 ! 

•0.2179 


Heated : 
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t\ i \ 1 i i 1 1 8« 
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'———-4 
i 0.1442 : 
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i 0.2984 

: 0.2162 


Ester : 
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: oxygen : 
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; nitrogen: 

: Methyl : 
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: oxygen 
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: oxygen 
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Sulfone : 
Methyl : 

Do, 
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Do. 

Do. 

) 

Do. 
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Th% ratios in Table I vary somewhat* Experi- 
ments 7» Vlt X, and XI ^ however « were completed dnrlng the 
working out of the KCV method and are subject to larger 
errors. The other experiments check these very closely^ 
however^ although not quite as satisfactorily as desired. 

In Table II « the oxygen ester used was prepared 
from the Hg salt, which gives about 97 per cent oxygen 
ester* This was reorystallised once from alcohol, lAiich 
would not ^llMnate all the M-ester present ^ as is seen 
from the above table* 

The experiments with the nitrogen ester show an 
increase in ester, but this increase is within experi- 
mental errors* In flact, it appears as if this 2-3 per cent 
might be an inqpurity, as it shows a oonstcmt value throughout* 

Conclusions 

The mercury salt of l-phenyl-4,5-dihydro-5-oxy- 
3-triazolyl methyl sulfone gives with methyl iodide in a 
given solvent a constant ratio of enol and keto esters 
independent of concentration, time of heating, and temp- 
erature* In ether, in absolute ethyl alcohol, and in 
benssene, the proportion of keto ester formed is about 93 
per cent, 85 per cent, and 75 per cent, respectively, of 
the total ester* Such esters must be formed by indepen- 
dent side reactions as th^ do not rearrange into each 
other in the presence of alkyl halides, or alkyl halides 
and bensens, as solvent* 
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